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[57] ABSTRACT

Addition of certain amine precursor compounds to the
culture medium during fermentation of a tallysomycin-
producing strain of Streptoalloteichus hindustanus results
in production of new tallysomycin derivatives having
advantageous antimicrobial and antitumor properties.

23 Claims, No Drawings



4,246,400

- TALLYSOMYCIN COMPOUNDS

BACKGROUND OF THE INVENTION - - -

1. Field of the Invehtioﬂ |

This invention relates to a novel series of semibiosyn-
thetic tallysomycin derivatives which have advanta-
geous antimicrobial and antitumor properties.

2. Description of the Prior Art

Although a number of glycopeptide antibiotics have
been discovered, some of which are also effective in
inhibiting the growth of tumors in mammals. there re-
mains a need for additional antimicrobial and antitumor
agents. Especially needed are antitumor agents which
exhibit increased activity and/or broader spectrum rela-
tive to presently available agents or which show fewer
undesirable side effects. A brief summary of the more
important glycopeptide antibiotics is provided below.

The bleomycins are water-soluble basic glycopep-
tides produced by fermentation of Streptomyces verticil-
lus. They were first reported by Umezawa et al. in J.
Antibiotics 19A:200 (1966); see also U.S. Pat. No.
3,681,491. The bleomycin complex has been separated
into several components including bleomycin Aj, Ay,

As and B;. Bleomycin complex is presently being mar-

keted for treatment of various neoplasms in man includ-

ing squamous cell carcinoma, lymphosarcoma, reticu-

lum cell sarcoma; testicular carcinomg‘and Hodgkin’s
disease. A revised structure for the bleornydins ‘has
recently been published by H. Umezawa et al. in J.
Antibiotics 31:801-804 (1978).

The phleomycin group of antibiotics obtained from
fermentation of another strain of Streptomyces verticillus
has been reported by Maeda et al. in J. Ant:’bfotfcs: Vol.
A9, pp. 82-85 (1956); Vol. A12, p. 111 (1959); Vol. Al2,
pg. 285-289 (1959) and Vol. A17, pg. 194-199 (1964).
As with bleomycin complex, phleomycin has been sepa-
rated into a number of components which can exist in
both a copper-free and a copper-chelated form.

Zorbamycin and its related antibiotics zorbonomycin
B and zorbonomycin C are reported in J. Amfbfbt:'cs
24(8): 543-557 (1971) and in UK. Pat. No. 1,277,150.

These antibiotics isolated from fermentations of Strepto-
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myces bikiniensis var. zorbonensis are closely related to
the bleomycin and phleomycin families.

Another family of phleomycin-bleomycin group anti-
biotics has been isollated from the culture broth of a
variant of Streptomyces humidus of given the name YA-
56. A.dest:riptioﬁ* of the YA-56 complex and active
components YA-56X and YA-56Y appears in J. Antiobi-
otics 24(10): 7'27;—-73'1 (1971) and in J. Antiobiotics 26:
77-83 (1973).

The antibiotic complex XK 49 and its main compo-
nent victomycin (also called XK 49-1-B-2) are r'epoftecl
in J. Antibiotics 28: 358-371 (1975). Victomycin is 1s0-
lated from a sporangi-forming actinomycete, Streptospo-
rangium violaceochromogens MK 49, and appears to be
similar to the bleomycins and zorbonomycin B.

The glycopeptide antibiotic complex Bu-2231 and its
components Bu-2231 A and B [hereinfter referred to as
tallysomycin and tallysomyéih A and B, respectively)
are disclosed in U.S. Pat. No. 4,051,237; see also J.
Antibiotics: Vol. 30, pg. 779-805 (1977) and Vol. 31, pg.
667-674 (1978)]. The tallysomycins are isolated' from
the fermentation broth of certain Streptoalloteichus hin-
dustanus strains and exhibit potent antimicrobial and
antitumor activities.

Preparation of various semibiosynthetic derivatives
of phleomycin and bleomycin by the technique of pre-
cursor-fed fermentation has been disclosed m U.S. Pat.
Nos. 3,984,390 and 3,846,400. In this procedure strains

“of microorganisms capable of producing the phleomy-

cin or bleomycin antibiotics are cultured in a fermenta-
tion medium in the presence of an amine precursor to
produce new phleomycin or bleomycin derivatives
having a side chain structure corresponding to the
added amine.

U.K. Published Application No. 2,001,962 A dis-
closes preparation of 3-[(S)-1'-phenylethylamino}-
propylaminobleomycin (pepleomycin) as an especially
preferred semibiosynthetic bleomycin derivative be-

cause of its combination of potent antitumor activity

and low pulmonary toxicity.

SUMMARY OF THE INVENTION

The present invention provides new semibiosynthetic
derivatives of tallysomycin A and B and a process for
their preparation. More specifically, there are provided

tallysomycin A derivatives of the formula
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-continued
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as well as pharmaceutically acceptable acid addition
salts of such derivatives. The above-mentioned com-
pounds may exist in the form of a copper chelate or in
the copper-free form. |

An espemally preferred embodiment of the present

invention is the tallysomycm B derivative having the
formula

I
C—NH—(CH3)4—NH;

H;C Tallysomycin Si0p
O
OH
HsN OH
OH
50

55

Initial studies using experimental animals indicate that
tallysomycin Sigp (including both copper-free and cop-
per-chelated forms and pharmaceutically acceptable
salts thereof) has excellent antitumor activity against a
broad spectrum of malignant tumors and at the same
time shows less undesirabie side effects (e.g. nephrotox-
icity) than the naturally-occurrmg tallysomycin A and

DETAILED DESCRIPTION

U.S. Pat. No. 4,051,237 discloses the production and
isolation of two novel glycopeptide antibiotics desig-
nated therein as Bu-2231 A and B. Subsequent work has

- shown that Bu-2231 A and B (now called tallysomycin

A and B) have the following structures:
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The above-mentioned tallysomycins are the principal
components of the fermentation of tallysomycin-pro-
ducing strains of Streptoalloteichus hindustanus and 1so-
lation accordmg to conventional chromatographic pro-
cedures.

It has now been found according to the present inven-
tion that the fermentation procedure disclosed in U.S.
Pat. No. 4,051,237 can be carried out in the presence of

certain precursor amine compounds to produce new 60

derivatives of tallysomycin A and B having valuable
antimicrobial and antitumor properties.

‘The general technique of precursor amine-fed fer-
mentation described in U.S. Pat. Nos. 3,984,390 and
3,846,400 is utilized in the process of the present inven-
tion. In the present process a precursor amine com-

pound is added to the tallysomycin fermentation me-
dium of U.S. Pat. No. 4,051,237 and is incorporated

“ I |
NH> (C'3H2)3
/CH-—CH—l\ ﬂ _ "

O
|
C—NH“(CHz);;—CH—CHz-'C—NH

(CH3)4

|
NH>

Tallysomycin A

535
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O
I

C~=NH—(CH3)3—NH=—(CH32)4—NH;

‘A/ Tallysomycin B

during fermentation into the terminal amine moiety of
tallysoymcin A and/or B to form new semibiosynthetic
derivatives having a terminal amine side chain corre-
sponding to the added precursor amine. Isolation and
purification of the so-obtained derivatives may be car-
ried out by conventional chromatographic procedures
such as described in U.S. Pat. No. 4,051,237. A more
extensive description of the process is given below and
in the illustrative examples which follow.

Preparation of the Antibiotics

In practicing the present process, a tallysomycin-pro-
ducing strain of Streptoalloteichus hindustanus (as dis-
closed in U.S. Pat. No. 4,051,237), most preferably the
strain Streptoalloteichus hindustanus E 465-94, ATCC
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31158 or a mutant thereof, is cultivated in an agueous
nutrient medium. The nutrient medium contains an
assimilable carbon source (e.g. glucose, ribose, galac-

tose, fructose, mannose, sucrose, lactose, soluble.starch

or glycerol) and an assimilable nitrogen source (e.g. fish

meal, soybean meal, cottonseed meal, corn steep liquor,

peptones,. meat extract, - peanut flour, yeast extract or
ammonium salts). Inorganic salts such as sodium chlo-
~ ride, potassium chloride, magnesium sul__fate calcium
carbonate, phosphates, etc. are added if necessary.
Trace elements such as copper, manganese, iron, zinc,
etc. are added to the medium if desired or may be sup-
plied as impurities of other media constituents.

In addition to the conventional nutrient constituents
described above, there is added to the medium a precur-
sor amine compound as defined below in the form of the
free base or as an acid addition salt thereof. Generally,
the precursor-amine compound is used in the form of a
neutralized aqueous solution. The precursor amine
compounds suitable for use in the present invention are
listed below along with the codename of the corre-
sponding tallysomycin product:

10

15

20
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Fermentation is carried out following the procedure
of U.S. Pat. No. 4,051,237. Accordingly, the incubation
temperature may be any temperature at which a tallyso-
mycin-producing strain is able to grow, e.g. 20°-54" C,,
but it is preferable to conduct the fermentation at
25°-35° C., most preferably at 27°-32° C. A neutral or
near neutral initial pH, e.g. pH~6-7, is preferably em-
ployed in the medium, and production of antibiotic is
generally carried out for a period of about 2-10 days.
Ordinarily, optimum production is obtained in 3-7 days.
For preparation of relatively small amounts, shake
flasks and surface culture can be employed, but for large
scale production submerged aerobic culture in sterile
tanks is preferred. When tank fermentation i1s to be
carried out, it is desirable to produce a vegetative inocu-
lum in a nutrient broth by inoculating the broth culture
with a spore from the producing organism. When a
young active vegetative inoculum has been obtained,
the inoculum is transferred aseptically to the fermenta-
tion tank medium. Aeration in tanks and bottles may be
provided by forcing air through or onto the surface of
the fermenting medium. Agitation in tanks may be pro-

Amine

Tallysomycin

-

Chemical Name Structure

End Product*

M

NH—(CH;);—NH;
1,3-diaminopropane NH>—(CH3)3;—NHj
I,4-diaminobutane NH,—(CH>3)4—NH3
1,3-diamin0-2-hydrnxy- NHz_CHZ"“CH—CHT"‘ NH>
propane [ .

OH

},2-diaminoethane

N-(3-hydroxyethyl)-1,2-
diaminoethane
N-(8-hydroxypropyl)-1,2-
diaminoethane - |
OH
N-methy!-1,3-diaminopropane NHy—(CH3>)})3;—NH-—CHj;
N-(3-hydroxyethyl)-1,3-
diaminopropane
N-(1'-phenylethyl)-1,3-
diaminopropane

CH;
N,N-dimethyl-1,3-diamino- NH—(CHj3)3—N(CH3):
propane
N,N-di(8-hydroxyethyl)-
1,3-dtaminopropane
N-(3-aminopropyl)-morpholine

)

NH>—(CH3)3—N O

(

N-(3-aminopropy!)-2-
pipecoline
NH;—(CH3)3—N

CH;
3-aminopropyl-dimethyl- NH;—(CH3);—S®(CH3),
sulfonium chlonde

CIo

—(CHj);—NH—CH;—CH;0H

NH;—(CH3);—NH—CH;—CH—CH3

NH;—(CHj);~NH—CH;—CH;OH

NH;~=(CH>)3— NH—-CH—.
“H— )

NH,—(CH3)3=-N(CH;—CH;0H);

S3p
Slﬂ! Slb

St0a Si0b
S4p

Sop

Ssp

St1a S112
Seas Seb

S14a, S14p

Sgﬂ'r Sﬂb

8128

S134

SZH! SZ.{"

*The tallysomycin derivatives are named by assigning each precursor amine a number and then designating the
tallysomycin end-product by the number of its terminal amine and the letter a or b depending on whether 1t i1s a
derivative of tallysomycin A or B. For example tallysomycin Sjgg is the tallysomycin B derivative having 1,4-

diaminobutane as the terminal amine.

The amines, utilized as free base compounds or as
acid addition salts with mineral acids such as HBr or
HC], are preferably added to the medium at a concen-
tration of about 0.05 to 0.4% (w/v), more preferably
about 0.1 to 0.2% (w/v), at the beginning of fermenta-
tion: “although good Tresults can also be achieved by
portionwise addition of amine solution during the early
stages of fermentation.

65

vided by a mechanical impeller, and an antifoaming
agent such as lard oil may be added as needed.

Production of the desired tallysomycin derivative in
the culture medium can be followed during the course
of the fermentation by the paper disc-agar diffusion
method using Mycobacterium smegmatis strain M6-3 as
the test organism.
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Isolation and Purification

. After optimum broth potency has been obtained (as -
~determined, for example, by the assay procedure men-

tioned above), the mycelium and undissolved residues.
—are separated from the fermentation broth by conven-

tional means such as filtration or centrifugation. The

antibiotic activity is in the filtrate and can be recovered

therefrom by employing conventional adsorption tech-
nigues; see, for example, J. Antibiotics 30(10): 779-788

(1977).

10

- In a preferred embodiment the filtrate 1s first ad-
- sorbed on a cationtc exchange resin, for example a resin -

~of the type available from Rohm & Haas Company

under the tradename AMBERLITE IRC-50

15

- (NH4*form). The resin is washed with water and the
- tallysomycin fractions eluted with aqueous mineral

acid, e.g. 0.1 N HCI. The eluate containing the active

- fractions is neutralized with aqueous ammonia and pref- ..
. : . . 20

~erably stirred with activated carbon. The charcoal 1s

collected by filtration, washed with water and then
eluted with aqueous butanol (1:1 butanol:dil. HCI v/v)

~at acid pH (e.g. pH 2). The aqueous layer of eluant 1s

neutralized with a basic anion exchange resin and con-

- centrated in vacuo. Concentrated eluate from the IRC-
50 (if the carbon adsorption step is omitted) or activated
carbon is next dissolved in water, adsorbed on a resin of

the DIAION HP-20 (tradename for a macroporous,

non-ionic adsorbent resin composed of a styrene-divi-
- nylbenzene copolymer available from Mitsubishi Chem--
ical Co., Japan) type and eluted with water to give a

5

30

" mixture of crude tallysomycins in the copper chelate

form.

Separation and purification of the desired tallysomy-

cin derivatives formed during the precursor-fed fermen-

33

tation may be achieved by adsorbing the crude tallyso-

mycin complex obtained above on a modifted dextran
derivative cationic 1on exchanger, for example a modi-
fied polysaccharide dextran of the type sold commer-
cially under the tradename CM-SEPHADEX C-25 by
Pharmacia Fine Chemicals Inc. The tallysomycin
derivative(s) is eluted in a stepwise manner with aque-
ous ammonium formate solution of concentrations
varying from about 1-7%. Fractions containing the
same derivative are pooled, desalted by activated car-
bon adsorption (elution with acidic aqueous butanol)
and lyophilized to give purified tallysomycin derivative
as a copper chelate. Further purification can be
achieved if desired by conventional chromatographic
and/or gel filtration techniques.

The tallysomycin derivatives of the present invention
have the property of chelating with copper as do tal-
lysomycin A and B and thus the new dertvatives and
their acid addition salts may exist in the copper-complex
form or copper-free form. The copper-free forms of the
tallysomycin derivatives may be prepared from the
corresponding copper-complex forms by known proce-
dures such as those disclosed 1n U.S. Pat. No. 4,051,237
and U.K. Published Application No. 2,001,962 A.

The tallysomycin free base derivatives of the present
invention may be converted by conventional methods
to pharmaceutically acceptable acid addition salts. Ex-
amples of such salts include the non-toxic salts with
organic or inorganic acids such as hydrochloric, sulfu-
ric, phosphoric acetic, formic, stearic, maleic, benzoic,
succinic and hydrobromic.

43

50

55

65

12
Antimicrobial Activity

The minimum 1inhibitory concentrations (MIC) of the

- semibiosynthetic tallysomycin derivatives of the pres-
ent invention were determined against fungi and gram-
- positive, gram-negative and acid-fast bacteria by the

two-fold agar dilution method. Nutrient agar was used

for bacteria and Sabouraud agar for fungt. The results -
~are shown in the table below comparatively with tal-

lysomycin A and B.

Antimicrobial Activity of Tallysomycin Derivatives

Staphylo-

o o coccus Sacrcina . Bacillus Mpyco-
Tallyso- ~ aureus lutea - subtilis bacterium
mycin  Smith  PCI1001 - PCI219 = 607

- A 0.1 005 <0003 02
B - 04 04 0.006 02
Ste 04 0.1 <0.003 | 0.012

- Si1p 1.6 1.6 <0.05 <005

834 - 0.2 0.8 <0058 <0.05
525 1.6 6.3 <0.05 0.2
Sip - 0.8 1.6 0.013 005
S4p 0.8 3.1 0.006 0.003
Ssp 6.3 12.5 0.025 0.2
Séu 0.8 1.6 003 0.4
Set 63 125 0.02 0.2
S 6.3 12.5 0.1 - 3.1
Sga 0.2 - 04 - 0.006 0.1
Sgp - 04 0.8 0.013 - 01

~ Sop 04 0.8 0.013 01
S10q 1.6 0.4 0.04 0.2

St 63 3.1 02 0.2
Siia 0.8 - 0.2 0.025 0.1
S11b 31 0.8 0.1 0.1

Sy 12.5 . 12.5 - 04 0.2

- S13p 6.3 63 0.8 - 0.2
S144 0.8 0.8 0.1 ol
Si14b- 3.1 3.1 0.4 0.2

Escherichia Proteus Candida Aspergillus

Tallyso- coli mirabilis albicans Jumigatus

mycin NIHJ A9554 IAM 4888 IAM 2593
A 0.05 0.4 12.5 1.6
B 0.2 0.2 6.3 0.8
Sia 0.1 0.4 3.1 0.8
S15 0.4 1.6 12.5 1.6
Sy <0.05 0.2 6.3 0.4
Sa2p 0.4 1.6 25 0.8
S 0.1 0.2 12.5 0.8
S4p 0.4 0.4 25 0.8
Ssp 0.4 3.1 25 0.4
Séa 0.4 1.6 6.3 0.2
Seh 0.4 3.1 25 0.8
S7p 0.4 6.3 > 50 0.4
S84 0.1 0.4 12.5 0.8
Ssp 0.2 0.8 > 50 1.6
Sop 0.1 0.8 23 1.6
S104 0.4 0.8 3.1 1.6
S106 0.8 3.1 12.5 6.3
Siia 0.1 0.2 1.6 0.8
Stis 0.2 1.6 12.5 6.3

Si128 .6 50 > 100 25
Si11s 0.4 12.5 > 100 12.5
St4q 0.2 3.1 50 31
S1ap 0.4 23 > 100 25

The relative antibacterial potencies (tallysomycin A
standard = 1000 mcg/mg) of the tallysomycin deriva-
tives were determined by the paper-disc agar diffusion
method using Mycobacterium smegmatis strain M6-3 as
the assay organism. The results are shown in the follow-
ing table.
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Antibacterial Pﬂtency of T allzsomycm Derivatives

-+ ‘Antibacterial
B pﬂt_ency._ (/mg)

_a ii

Tallysqr_nypin

A +. L00D
B L, - %00
S1g T T 1,078
8y T " 1,000
8y "~ 2350
Sap 300
S3p - 725

" Ssp - 500 -
‘Seq - 460
Ses 340
St 380

- Sga 550
Sgp - 370
Sep - - 380
S100 1,450
Siop | - 1,100
Silg’ - 570
S11s 450
St 390
 S13s 1,090
" Siaq 1,300

-~ S14p 1,090

{Antitumor Activity

- The activity of prophage induction of lysogenic bac-
terium E. coli W1709 (A) was determined according to
the method disclosed by Lein et al. in Nature 196:
783-784 (1962). The plaque count was made on the agar
plate containing test compound (t) and control plate (c).
A t/c ratio of the plaque counts of greater than 3.0 was
defined to be a significant level and lysogenic induction
activity (ILB activity) was expressed by the minimum
inducible concentration of the test compound. Results
are given in the following table.

_ILB Activity of Tallysomycin Derivatives

L | ILB
Tallysomycin actmty (mcg/ml)
A 0.00125
B | 0.01

S1g | 0.16
Sis 0.31
Sy, 0.31
Sap (.63
S1p 0.31
Sap —
Ssp - 0.08-
Sea - 002

Seép . 008,
Svp 008
Sz 0.005
Ssp 0.02
Sop. 0.16
S10a 0.16
S106 0.31
Sl la 0.08
Stib (.63

S1. 031

- Si3p 0.08
Staq 0.01
S14p

_U'.04

The antitumor activity of the tallysomycin deriva-
tives, was examined in four experimental tumor systems
in’ mice. Lymphocytlc leukemia P388 and Lewis lung
carcinoma were lmplantf:d 1ntraper1t0neally into. BDF|
mice of either sex at an inoculum size of 3X 105 and
5% 105 cells per mouse, respectively. Sarcoma 180 asci-
‘tes tumor was inoculated intraperitoneally into male
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14
dd-strain mice with 2.5X 101¢.cells per mouse. Melano-
tic’ melanoma B16 was implanted subcutaneously into
BDF; mice with 5X 105 cells per mouse. Twenty-four
hours - after the lmplantatlon of tumor cells, graded
doses ‘of* test compounds ‘were:administered to mice
intraperitoneally in an injection volume of 0.2 ml. per 10
grams of body weight. Test compounds were given
once daily for 9 days {(qd 1—9 schedule) except for the
mice inoculated with Lewis lung carcinoma which
were treated for 11 days (qd 1—11). Death or survival
of the treated and non-treated (control) animals was
recorded daily during the observation period of 45 days
after the implantation of tumor cells, and the median
survival time was calculated for each of the test (T) and
control (C) groups. A T/C value equal to or greater
than 125% indicates that a significant antitumor effect
was achieved against leukemia P388 and Lewis lung
carcinoma. The actual dose giving a T/C of 125% was
estimated by linear regression analysis and defined as
the effective dose 125 or ED35. The effective dose 150
(ED150) was employed for the evaluation of antitumor
effect against Sarcoma.:180. In the B16 melanoma exper-
iment the tumor size was measured on day 16 after
tumor inoculation, and the dose giving 50% inhibition
of tumor growth (IDsp) was calculated from regression

lines. Antitumor activity of the derivatives is set forth in
the following table.

Antitumor activity (mg/kg/day, ip)
P388 S180 B16 Lewis lung
Tallsomycin* (EDj25) EDjso)  (IDsp) EDj35)
A (Cu-free) - 0.26 0.07 0.27 0.13

B (Cu-free) 0.89 - 0.06 0.82 0.11
Sta 1.2 0.07 0.84 —

S14 2.0 0.11 0.15 0.12

S24 >3.0 0.07 0.17 0.14

S2p 0.91 0.12 = 033 0.65

S3p 0.32 0.06 - 0.20 0.26

Sap >3.0 - 0.13 0.50 —

Ssp 0.66 0.10 0.31 0.38

S6u 0.70 0.09 0.12 0.47

Ses 2.2 0.08 0.22 0.17

S1s 2.1 0.14 0.16 —

Sga 0.78 — — —

Sgh 1.5 0.25 0.26 0.12

Sop >3.0 042 . 0.29 0.41
S104 0.28 0.08 0.39 —_
Sios — 0.03 0.59 —
S106 (Cu-free) 0.47 0.02 0.75 0.21
S11aq 0.60 — — —

S11s 0.28 0.20 0.70 0.32
Si128 1.30 0.06 1.30 —
Si3p 0.70 0.33 0.23 —
S144 — — — —

S145 3.0 0.08 0.43 0.29

*copper-chelated form unless otherwise stated

Graded doses of test compounds were administered
1ntraper1toneally to groups of dd mice. The injection
was given one time only or once daily for 9 consecutive
days. Death or survival of the animals was recorded for
30 days after the last dose of test compound to calculate
the single or multiple median lethal dose (I.Dsg). Re-
sults are shown below. -

Acute and Subacute Toxicity of Tallysomycin Derivatives
LDso (mg/kg/day, ip)

Tallysomycin* single dose ‘multiple dose.(qd 1 — 9)
A (Cu-free) . 19 44
B (Cu-free) 46 | - 6.8
Sia 25 —
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-continued

Acute and Subacute

Tﬂxiéity_ Gf'TallzsumzCin' Derivatives o

LDsg (mg/kg/day, ip)

Tallysomycin* - single dose multiple dose (qd 1 — 9)

- S1p 19 —

Sag4 25 —
S2p 32 2.0
Sip 19 —
Sap 13 —
Ssp 46 4.0

Sé6a 15 —
Seb 30 —
S7p 30 —
Ssa 42 —
Sap 30 —
Sgp 32 —
S10a 27 —
S10b 27 —
Si10s (Cu-free) 42 4.0
Site 18 -
S118 21 -
S12b > 50 —
S13s 35 —
S144 — —
S14p — 16

*copper-chelated form unless otherwise stated

The antitumor therapeutic index was calculated for
each derivative from the ratio of toxicity and antitumor
activity. As shown in the following table, several of the
new semibiosynthetic tallysomycin derivatives demon-
strated better therapeutic indices than the naturally
obtained tallysomycin A and B in some of the experi-
mental tumor systems examined.

Antitumor Therapeutic Indices of Tallysomycin Derivatives

Antitumor therapeutic indices**®

Tallsomycin® P388 S180 Bl6 Lewis Lung
A (Cu-free) 73 271 70 146
B (Cu-free) 52 167 56 418

S1a 21 357 30 —
St 10 173 127 158
S24 <8 357 147 179
Sap 35 267 97 49
S 59 317 935 73
Sap <4 100 26 —
Ssp 70 460 148 121
Séq 21 167 125 32
Seb 14 375 136 176
S7 14 214 188 —_
Sga 54 — — —
Sgh 20 120 115 250
Sop <1l 76 110 78
S10a 96 338 69 —
S0 — 900 46 —
S10p (Cu-free) 89 2100 50 200
S11a 30 — — —
S115 75 105 30 66
S125 >38 >833 >38 —
Si3p 50 106 152 —
S144 — — — —
S14b — — — —

*copper-chelated form unless otherwise stated
**single dose toxicity (LDsg)/antitumor effective dose (EDj2s, ED 50 or 1Dsg)

Tallysomycin Sigp was evaluated for nephrotoxicity
in a mouse model utilizing BUN measurement as an
endpoint and a lung hydroxyproline model for pulmo-
nary toxicity (see Cancer Res. 35:787 (1978)). Tallyso-
mycin Sigp toxicity to the kidney was no greater than
that of bleomycin at equitoxic doses. Tallysomycin Sigs
caused an increase in lung hydroxyproline suggesting
pulmonary toxicity. However, the dose response slope
was flatter than that observed with bleomycin and the
hydroxyproline content at high doses was reduced com-
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pared to that of animals treated with bleomycin at equi-
toxic doses. |

As indicated by the data provided above, the tallyso-
mycin derivatives of the present invention are useful as
antimicrobial agents for inhibiting the growth of micro-
bial organisms, both bacteria and fungi, which are
pathogenic to animal and plant life. They are also useful
in inhibiting the growth of tumors in experimental ani-
mals. The compounds may be administered in the same
manner as commercially available bleomycin, and opti-
mum dosage levels for a given set of conditions can be
ascertained by those skilled in the art using conven-
tional dosage determination tests and the data provided
above.

The present invention includes within its scope phar-
maceutical compositions which comprise an effective
antimicrobial or experimental animal tumor-inhibiting
amount of a tallysomycin derivative of the present in-
vention, or a pharmaceutically acceptable acid addition
salt thereof, in combination with an inert pharmaceuti-
cally acceptable carrier or diluent.

According to another aspect of the invention, a
method is provided for therapeutically treating an ani-
mal (preferably mammalian) host affected by a micro-
bial infection or an experimental animal host affected by
a malignant tumor which comprises administering to
such host an effective antimicrobial or tumor-inhibiting
dose of a tallysomycin derivative of the present inven-
tion or a pharmaceutically acceptable acid addition salt
thereof. N _

The following examples are provided for illustrative
purposes only and are not intended to limit the scope of
the invention.

EXAMPLE 1
Sagand S5

Malt extract agar slant inoculated with Streptoallotei-
chus hindustanus ATCC 31158 was incubated for a
week at 28° C. The slant was used to inoculate 100 ml.
of germination medium having the following composi-
tion in a 500 ml. Erlenmeyer flask:
glucose—1.5%
yeast extract—0.2
polypeptone—0.5
K,HPO4—0.05
MgSO4.7TH,0—0.05
CaCO3—0.5
The pH was adjusted to 7.2 before sterilization in an
autoclave. The seed culture flasks were incubated at 33°
C. for 48 hours on a rotary shaker operating at 230 rpm.
The seed culture obtained above was transferred to 100
ml. of fermentation medium in a 500 ml. Erlenmeyer
flask at an inoculum size of 10% (v/v). The fermenta-
tion medium contained the following ingrediénts:
sucrose—2.5%
glucose—0.5
PHARMAMEDIA (cottonseed meal)—3.0
distiller’s soluble—3.0
(NH4)2S04—0.3
ZnS04.7TH,0—0.003
CuS04.5H,0—-0.01
CaCO3—04 |
A neutralized aqueous solution of 3-aminopropyldime-
thylsulfonium chloride, was added to the fermentation
medium before sterilization at a concentration of 0.1%
(w/v) as the hydrochloride salt. The pH of the medium
was adjusted to 7.0 before sterilization. The inoculated
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fermentation flasks were incubated at 28° C. for five
days on a rotary shaker operating at 250 rpm. The
progress of the fermentation was monitored by paper
disc-agar diffusion assay using M. smegmatis strain M6-3
as the test orgamism. B s

The fermentation broth containing tallysomycins Sz,
and Sy, was stirred with filter aid -and the filtrate (20 L)
was stirred with AMBERLITE IRC-50 (60% NHs+

form, 3.5 L). The resin was washed with water and then
the activity was eluted-with 0.2 N HCl (4 LX3). The

10

active eluate was adjusted to pH 6.0 and stirred with

activated charcoal (400 g.). Bioactive components ad-

sorbed on the activated carbon were eluted by stirring .
“three times with a mixture of n-butanol and water, the .

pH being kept at 2.0 during the elution. The combined
aqueous eluate was neutralized and concentrated in
vacuo to ca. 100 ml and the concentrate chromato-

graphed on a column of DIAION HP-20 (1.2 L). The
column was developed with water to collect blue-col-
- ored tallysomycin fractions. Evaporation of appropriate
fractions gave a crude tallysomycin mixture (4.85 g)
which was chromatographed on a column of CM-
SEPHADEX C-25 (330 ml) developed with an increas-
ing concentration of ammonium formate solution. Tal-
lysomycin Szp, Sz and B were successively eluted with
2% HCOONH; and tallysomycin A eluted with 4%
HCOONHg. Each antibiotic fraction was desalted by
activated carbon adsorption followed by elution with
acidic aqueous n-butanol. Lyophilization of the aqueous
eluate yielded tallysomycin Sy, (156 mg) and Sz (570
mg) along with tallysomycin A (210 mg) and B (540
mg), all in a copper-chelated form. '

EXAMPLE 2
Se¢q and Sep

The fermentation procedure of Example 1 was re-
peated except that N-(8-hydroxyethyl)-1,3-diaminopro-
pane (HCI salt) was used as the precursor amine. The
harvested broth (11 L) was filtered with filter aid. The
antibiotic activity in the filtrate was adsorbed on AM-
BERLITE IRC-50 resin (60% NH4* form, 2.4 L) and
eluted from the resin with 0.1 N HCIL. The eluate was
adjusted to pH 6.5 and then passed through a column of
DIAION HP-20 (2 L). The column was eluted with
water. Fractions containing tallysomycins were con-
centrated in vacuo and lyophilized to give blue solid
(824 mg). Tallysomycins were separated by CM-
SEPHADEX C-25 chromatography (200 ml) using
aqueous ammonium formate solution as eluant. Tallyso-
mycin S¢p was eluted with 29% HCOONHjy, S¢, and B
with 3% HCOONH; and finally A with 5%
HCOONH, solution. Each fraction was treated with
activated charcoal for desalting. Yields of -copper-
chelated tallysomycins were: A 61 mg, B 31 mg, S¢q201
mg and Sgp 288 mg.

EXAMPLE 3
Sgq and Sgp

The fermentation procedure of Example 1 was re-
peated except that N,N-di(8-hydroxyethyl)-1,3-
diaminopropane (HCI salt)- was used as the precursor
amine in a concentration 'of 0.2% (w/v). The harvested
broth (10 L) was filtered. Tallysomycin components in
the culture filtrate were adsorbed by AMBERLITE
IRC-50 (60% NHg4+ form, 2.2 L) and eluted with dilute
HCI solution. The active eluate was neutralized and
applied on a column of DIAION HP-20 (2 L) which

13

20

25

30

35

45

30

55

635

4,246,400

18

was developed with water. The bioactive fractions
were concentrated in vacuo to afford 1.16 g of crude
tallysomycins. The solid was chromatographed on a
column of CM-SEPHADEX C-25 (300 ml). Tallysomy-
cin Sgp was eluted first from the column with 2%
HCOONH4, Sg;and B with 3% HCOONH4 and then A
with 5% HCOONH; solution. The appropriate frac-
tions were desalted by carbon adsorption. Yields of
copper-chelated tallysomycins were: A 184 mg, B 171
mg, Sg; 63 mg and Sgp 248 mg.

EXAMPLE 4
S10z and S105

The fermentation procedure of Example 1 was re-
peated except that 1,4-diaminobutane dihydrochloride
was used as the precursor amine compound. The fer-
mentation broth (35 L, pH 7.5) was centrifuged to sepa-

rate mycelial cake. The clear supernatant thus obtained

was stirred with AMBERLITE IRC-50 resin (60%
NH4+ form, 6 L) for 30 minutes. The resin was washed
with two 30 L portions of water and then eluted with
three 10 L portions of acidic water, the pH being kept
below 2.0 during the elution. The eluates were com-
bined, adjusted to pH 7.8 and stirred with activated
charcoal (800 g). The activity was eluted with a 1:1
mixture of n-butanol and acidic water (5 L each, pH 2.0)
and the elution was repeated three times. The aqueous
layers were combined, neutralized with *AMBER-
LITE IR-45 (OH-form) and concentrated in vacuo to
300 ml. The concentrate was applied on a column of
DIAION HP-20 (3 L) which was developed with wa-
ter. The elution was monitored by bioassay and the

bioactive fractions were concentrated to afford a mix-

ture of tallysomycins as a blue solid (6 g). The solid was
chromatographed on a column of CM-SEPHADEX
C-25 (300 ml) which was pre-washed with 1%
HCOONH;, solution. The column was developed with
increasing concentrations (1% ~ 3%) of aqueous ammo-
nium formate solution. The first bioactive fractions
eluted with 3% HCOONH4 were combined (250 ml)
and stirred with 30 g of activated charcoal. The carbon
was separated, washed with water and eluted twice
with a 1:1 mixture of n-butanol and acidic water (120 ml
each). The aqueous eluates were neutralized with AM-
BERLITE IR-45 (OH-form) resin and then evaporated
to give a semi-pure preparation of tallysomycin Sios
(1.60 g). The sample was chromatographed again on a
column of + Amberlite XT-2 (240 ml) which was devel-
oped with water. The bioactive eluates were combined,
concentrated and lyophilized to afford pure copper-
chelated tallysomycin Sigp (1.25 g). Tallysomicin Sjoq
and B were successfully eluted out from the CM-
SEPHADEX column with 3% HCOONHj4 solution to
yield copper-chelated tallysomycin Sioq (360 mg) and
tallysomycin B (370 mg). A trace amount of tallysomy-
cin A was obtained from 5% HCOONH4 eluate.

*basic anion exchange resin available from Rohms & Haas Co., U.S.A.
+macroporous, non-ionic styrene-divinylbenzene copolymer adsorp-
tion resin, fine partic‘;le grade, available from Rohm & Haas Co., U.S.A.

EXAMPLE 5

By essentially the same procedure as described in
Examples 1-4, the following semibiosynthetic tallyso-
mycin derivatives were prepared by amine-fed fermen-
tation.
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-continued
Tallyso- Fm."en' Physico-chemical Properties of New ‘Tallysomycin Derivatives
mycin tation
Deriv- | | Broth | s Stia 244(62), 292(53)
I‘il’t::;uct é;t:;nc lll-ln};drochlondc Precursor Vtzllil)me ‘:’r:el;l S115 244(112), 292(91) 40.16 $ 48 15 04
ahe : S125 245(74), 292(59) 3498 509  13.04
S1a 1,3-diaminopropane 6.7 trace S13b 243(142), 292(114)  39.14 585 13.63
St 1,3-diaminopropane 70 292(72 |
S1b {,2-diaminoethane 1.9 6 Sl4a 243(102), 292(72)
S4p 1,3-diamino-2-hydroxypropane 8.5 17 0 Si4b 243(143), 292(109)
Ssb (N-8 -hydroxypropyl)-1,2-diaminc- ) 32 *sTLC system S-102 uses Kiesel gel 60F254 (Merck) plate and solvent system of
ethancl S | methanol:aqueous 10% ammonium acetate (1:1 v/v); TLC system S-123 uses Kiesel
S75 N,N-dimethyl-1,3-diaminopropan 10 96 gel 60F;s4 (Merck) plate and solvent system of methanol:10% ammonium aceta-
S9p N-(3-hydroxyethyl)-1,2-diamino- 10 286 te:109% ammonium hydroxide (10:9:1 v/v).
ethane Detection was made by Dusl-wavelength TLC scanner (Shimadzu GS-910) at
S11az N-methyl-1,3-diaminopropane 3.2 43 290nm
S11s N-methyl-1,3-diaminopropane " 259 15 ++Apparatus: Waters Associstes Model ALC 204 with & type U6K injector
S126 N-(3-aminopropyl)morpholine 2.2 94 Column: Waters Associates uBondapak Cis (4 X 300mm) pre-washed with 0.5%
S13p N-(3-aminopropyl)-2-pipecoline 10 137 EDTA solution
S144 N-(1’-phenylethyl)-1,3-diamino- 4 20 Mobile phase; CH3CN:H,0 (3:7 v/v) containing Waters Associates reagent PIC B-7
propane Detector: Model 440uv detector at 234nm
S145 N-(1'-phenylethyl)-1,3-diamino- " 210 Flow rates: 1.0 ml/min (pressure 800 psi)
propanc 20 Sample size injected: 1 pl of 2 mg/mi solution

W

This invention is capable of industrial application.
We claim:
,s 1. A tallysomycin A derivatives having the formula

EXAMPLE 6

The copper-free tallysomycins corresponding to the
copper-chelated derivatives prepared in Examples 1-3
may be obtained by treatment with H2S in methanol

according to the procedure of Example 1 of U.S. Pat. CO—NH>
No. 3,646,197. NH3;
Physico-chemical properties of the tallysomycin de- 10 | HN\)\/Nﬂz
rivatives prepared in Examples 1-5 are shown in the T
table below. 4 O
N N H o
| O HO N CH—
Physico-chemical Properties of New Tallysomycin Derivatives N\ / /
TLC (R)** HPLC* + ) I o
Tallysomycin 5-102 - S-123 (retention time)
Sta 0.50 - 0.23 624" N CH; HO CHj
Sip 0.65 0.37 4'48" H 5
S24 0.24 0.15 630" N
S2b 0.38 0.34 5'18" 40 O H3C
S3b 0.59 0.51 4'49" HO J O
S4p 0.66 0.40 4'47" o N
Ssp 0.50 0.58 4'54" OH H oh
Sea 0.42 0.22 6'18" HON OH
Seb 0.50 0.40 4'42" 0 z
S5 0.44 0.25 4'54" 45
Sgg 0.56 0.40 624" OH OH
Sgh 0.70 0.54 4'48" O
Sob 0.56 0.48 4'52""
S10a 0.43 0.24 620" o —OH
S10b 0.61 0.39 4'47" HO
Stig 0.27 0.16 —_ OA\NH
S115 0.49 0.35 4'47" 50 5
S126 0.49 0.60 447" | 0 O
S135 0.46 0.36 5'37" | i
S144 052 0.37 _ N C—NH—(CHz)g,--(l:H-—CHg—C-—R
S14b 0.62 0.50 A 7]0: d N | NH,
nal. foun S
55
Tallysomycin ~ Amax'20nm (E1em'?)  C H N —(i'JH—II\ A ]
Sia 242(126), 292(102) OH
S1b 242(108), 290(94) 39.54 545  15.01
S 240(120), 290(108) |
Y 244.5(129), 292(104)  38.51 5.5l 14.30 wherein
S3p 240(123), 291(112) 60 R e
Sap 242(120), 290(103) '
Ssp 244(124), 290(102) 40.17  6.05 15.02 —NH—(CH3,)3—NH>
S6a 243(105), 291(83) 3973 6.39  15.35 N T
Seh 243(128), 291(103) 3981 600  15.21 NH—(CH2)3—S®(CHs)
S7h 245(120), 290(96) 40.89  6.04 14.51 —NH—(CH3)3—NH—CH,;—CH;0H
Sgq 243(107), 291(85) 65 N -
Sap 243(114), 290(92) 4073 6.18 1479 NH—(CH_);—N(CHCH;OH),
Sop 243(104), 290(87) 39.80  5.97 15.42 —NH-—(CH3,)s—NH3
S10q 244(142), 292(112) 39.76 594  15.58 _ NH-—(CH->):+—NH—
S10b 244(141), 292(116) 38.81  5.85  14.74 N (CH2)3—N CHjs or
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"'NH-(CHZ)j?'N'H,-f(I:H _
| | _CH3

or a pharmaceutically acceptable acid addition salt
thereof.

2. The compound of claim 1 named tallysomycin Syq
wherein R is —NH—(CH3;)3sNH;, or a pharmaceuti-
cally acceptable acid addition salt thereof. |

3. The compound of claim 1 named tallysomycin Sz,
wherein R is —~NH—(CH3);—S®(CH3);, or a pharma-
ceutically acceptable acid addition salt thereof.

4. The compound of claim 1 named tallysomycin S¢q
wherein R is —NH~-(CH3);—-NH—CH;CH;0H, or a
pharmaceutically acceptable acid addition salt thereof.

§. The compound of claim 1 named tallysomycin Sgg
wherein R is —NH—(CH3)3—N(CH2CH;0H);, or a
pharmaceutically acceptable acid addition salt thereof.

6. The compound of claim 1 named tallysomycin Sjo,
wherein R is —NH—(CH3)¢—NH3, or a pharmaceuti-
cally acceptable acid addition salt thereof.

7. The compound of claim 1 named tallysomycin 8114
wherein R is —NH—(CH3);—NH—CHj3, or a pharma-
ceutically acceptable acid addition salt thereof.

8. The compound of claim 1 named tallysomycin Sy4,
wherein R is

or a pharmaceutioally' acceptable acid addition salt
thereof. | |
9. A tallysomycin B derivative having the formula-

CO—NH,
NH>

HN\A/NH;

OH

wherein R 1s:
—NH—(CH,);—NH;
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.. ——NH‘"f(CHZ)Z’:“'"‘Sf@(CH:*)Z

-—NH—CHZ—’(I:H-?CHZ—-?NH;
OH

—NHf-(CHz)z'-NH—-CHz—?H—CH;J,
OH

—NH-—(CH3;);—NH—CH;—CH,;0H
—NH—(CH3)3—N(CH3)2
—NH—(CH3)3—N(CH2CH,;OH);
—NH-—(CH3)2—NH—CH;—CH;OH
—NH—(CH3)s—NH?
—NH—(CH3);—NH—CH3

—=NH=—(CH3)3—~N

()

—~NH=—(CH;)3—N

CH3

—NH--(CH2)3—NH-—(I:‘H
CH;

or a pharmaceutically acceptable acid addition salt
thereof. | :

10. The compound of claim 9 named tallysomycin
S15 wherein R is —NH—(CH3);—NH,, or a pharma-
ceutically acceptable acid addition salt thereof.

11. The compound of claim 9 named tallysomycin

S>, wherein R is —NH—(CH3)3;~-S€(CH3),, or a phar-
maceutically acceptable acid addition salt thereof.
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12. The compound of claim 9 named tallysomycin
S3; wherein R is —NH—(CH;),—NH;, or a pharma-
ceutically acceptable acid addition salt thereof.

13. The compound of claim 9 named tallysomycin
S4p wherein R 1s

—NH'—CH2—(I3H—'CH2'—NH3,
OH

or a pharmaceutlcally acceptable acid addition salt
thereof.

14. The compound of claim 9 named tallysomycin
Ssp wherein R 1s

~—NH-—-(CH3)—~NH—CH;—CH=-CH3,

I
OH

or a pharmaceutically acceptable acid addition salt
thereof.

10
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15. The compound of claim 9 named tallysomycin

Se» wherein R is —NH—(CH3);—NH—CH;—CH-
»OH, or a pharmaceutically acceptable acid addition
salt thereof.

'16. The compound of claim 9 named tallysomycin
S7; wherein R is —NH—(CH;);—N(CH3)3, or a phar-
maceutically acceptable acid addition salt thereof.

17. The compound of claim 9 named tallysomycin
Sgp wherein R is —NH—(CH>3)3—N(CH,CH;OH)3, or
a pharmaceutically acceptable acid addition salt
thereof.
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18. The compound of claim 9 named tallysomycin

S9p wherein R is —NH—(CH3);—NH—CH;—CH-
»OH, or a pharmaceutically acceptable acid addition
salt thereof.
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19. The compound of claim 9 named tallysomycin
Si10p Wherein R is —NH—(CH;)s—NHj3, or a pharma-
ceutically acceptable acid addition salt thereof.

20. The compound of claim 9 named tallysomycin
St1s wherein R is —NH(CH3);—NH—CH3, or a phar-
maceutically acceptable acid addition salt thereof.

21. The compound of claim 9 named tallysomycin
S125 wherein R is

-~
L
s

—NH—(CH3)3—N O,

/.

or a pharmaceutically acceptable acid addition salt
thereof.

22. The compound of claim 9 named tallysomycin
S13p wherein R 1s

—NH—(CH3)3—N ) »
or a pharmaceutically acceptable acid addition salt
thereof.

23. The compound of claim 9 named tallysomycin
S14p wherein R is '

—NH—{CH3)3— NH—(IH—@
- 3

or a pharmaceutically acceptable acid addition salt

thereof.
% x i ] ¥
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